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A.bstract: Si.gnificant amounts of manure are produced in the USA; however, informaticn

on th changes in. ecosystem services relate:d to soil. hiogeochemica.l cycling for
agroec:osyste.ms supported with. organic am.endments such as nianure is limited. A.

mnhi-location held study was initi.aled in C;olorado (CO), Kausas (KS) and Kentucky (KY),

USA in loan3. soils to evaluate the effects of manure and tillage practices on enzyme

activities that are key to bio,.zeceheri.:ical cyc1in.g such as fUgiucosidase (C. cychn.g),

a-galactosidase (C cycling), tyglucosar..in.idase (C. and N cyclin.g) and phosphomonoestera.ses

(P.. eye.. ling).. The treatments were as follows: (i) two years of beef manure applications to a

fine sandy loam at diffdrent rates (control: 0, low: 34 k.g N ha° and. high: 96 kg. N ha’)

and tiliage practices in CO; (ii) three years of be.e.f m..anure applications to a silt loam, at

di.fl.e, cut ratr.s (0, low: 67 kg 1.4 ha° and hig,h: 134 kg N ha.°) and tillage practices in KS

and; (hi) three years of poultry and da.iry manure apphe.ations to a silt ios.n3 with diffb.rent
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tillagy. pracdces at tli.e same rate (403 kg N ha.’) in KY. Tillage practices (none i’s.

con.ventional) had no effect on the enzyme acti.vities. Princi.pai Comçonent A.naIyses (PCA)

grouped n.h e.nfi.Tme activities with the hON beef m.annre application rate afar the. first year

in CO at 0—5 cm. By. the sec.ond year, the low and high beef manure rates differed in

enzyme activities for the .KS s.oil with no diffrrence between the loss rate and control in CO.

Sin.c.e the first ye.ar of the KY study, acid phosphstase activity was gre.ater in the pouhry

treate.d. s.:oil compared to dai.ry or the ccntroh; where:as, C cycling enzyme activities were

similar in soil treated with dairy or poultry manure. For all studies, PCA.s for soil sam.ples

from 5— 10 cm depth did not reveal treatment separation until the second year, I a, only

high application rate diffdred from. t.he other 1.reatments. Results of the study indicated

significant responses in C and P caching enzyme activities to manure applications within

two ye..ars, suggesting potentia.l benefits to soil bioge.oehe.mical cycling essential for the

productivity of agroecosystems supported with organic fertilizers.

.Keywords: broiler litter; poultry manure; dairy manure;, beef manure; corn; tillage;

enzym.e activhie.s; biog.eochemical cychn.g; soil quality

1. Introduction

Across the USA, some farmlands have lost a portion of its topsoil through wind and water erosion

induced by decades of intensive cultivation. Se.verai stu.dies have shown. that soil degradation is a

resuit of soil organic mai.tr.r (SOM) lost through incre.ased soil disturbanc.e and decomposition [1,2].

Decreases in SOM can aher the soil microbial ecology, nutrient cycling and other soil properties

leading to decreases in soil quality and thus productivity. Applying organic amendments, such as

manure, to agroecosystem.s as the nutrient source is a management practice that can increase 5DM and

i.mprove the nutrient status of the. soil [3,4];. however, different types and rates of man.ure application

can have a different i.m ‘ act: on. soil hiogeochemical cycling and 5DM dynamics within the initial years

depe.nding on. soil type and c.hmatic conditions. Positive influence of man.ure applications occur due to

the change:s. in soil r..icrobial com:munihes [5], strongly affec.ting the. soil’s potential f.dr enzymmmediated

substrate catalysis [6] th..at c.ontrol soil nutrient availability and SON qur.hity and quanti.ty. Therefore,

the assessment of enzymes involved in C, N, and II c.ycl.[ing. may ‘provide api indication, of the substrate

qual:ity applied with various type of r..u:nure, as they are su.bstratewpecific, and of the: changes’ in soil

biogeoc.i.emical. cycling.

The. glycos.idases are a group of C cychin.g enzyme.s that shoul.d be in’vestig..ated as a function

of manure apphicat.ior..s a.s they play a lucy role in the bre.a.kdown of low’ molec.uiar wetyht of

carbohdrate.s producing sug’ars; the main source. of energy fdr toil m.icroorganis.ms. The glucosidase

activity’, the most predom‘.inant glycosidase in soil, is involved in the last limiting step of cellulose.

degradation. Th.e asgalactosidase, also known as melibiase, catalyzes the disaccharides hydrolysis,

miogalactopyranosides,. in soils. The Ifiglucosantinidase is a N.y enzyme involved in the hydrolysi.s of

twace.tyl.tyD’.lucosamine resid.ues fro’m the terminal noarreducing ends of chitooligosaccharide.s [7].

The Nsacetyhtwgiucosamine hydrolysis considered to be important for soil C and ‘N’ cycling due to
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ts ro.le in con.ve.rting chitin to am iT.O sucars. a major sou.rce oi easily min.eraiizahle C and N in humid

soils [8]. The 3-glucosaminidase activity has been positively correlated with cunu lative N mineralized

in soils [8,9], microbial hiomass C and N. and with fhnga.l. populations, as indicated by a fung.al

fatty acid indicator, I. Sfiwoc O. 0 addition to C ard ].( cvcling, P is also critical for soil

hiog.eochrmical cycling and P is the second—most limiting nutrient. afn. r N in a .ricuftural produ. non,

e e P J e P m ,i1T ll/\ lk

I- c phono esierases. that cam l: ze the h\ drolvsis of a arietx of P somers important in plant

nutrition is scarce ii
IP-, increase our understanding nib iogeochemical cycling and of SOl dvna.mc s in anne ultural

r Pc] r e a a r ii i laaroie

Practices and sseaihcr Patterns. iTherefbre. we esaluated the enzyme actim ities of [i-elucos.idase,

cm-galactosidase, ji-gluc.osaminidase and phosphomonoesterasos (acid p.r alkaline lospnatasec as

iniTuenc ed h:e conventional and no-tulane and by manure tm pe and rates of applications compared to

non-treated soil or treated m itt commercial Ikulilizer) in field plots with loam sotls in three LSA

States: C;C). KS and KY.

2. Materia’s and Metbod’

This studm was conducted in learn soils across the States of CO. KS and KY. [SA, The three

study—sites had no prer ions historm of manure application. The rates of manure application for these

studies were selected based on conventional commercial fertilizer associated with each crop at each

location used by producers. The manure was applied every year on the basis of the manure’s organic N

content. At CO and KY sites. conducted in USDA-ARS research farms, the manure was provided by

the nearby commercial feedlot (1CSS than 10 km). At KS site, the manure was provided by the animal

research unit l.ocated at the same researc.h center where the experiment was conducted (Agricultural

Research Center in Hays KS). At eac.h site, the experimental design was a randomized split-plot with

th ree replications, with tillage as the ma.in plot and the nutrient source (manure or commercial fertiliz.er)

as the split plot.

This study started in 2006 on a No.rka-Colby very fine sandy loam (fine-silty, mixed, mesicAridic,

.Argiustoiis) with Th9 % slope near Akron, CO. Tilliage treatments were no-till (NT) arid the

inccrporation of nutrient sources with conventional tillage (CT), defined as sweep til lage at about

13 cm depth. Organic manure amendment (beef manure) was apphe.d yearly at a low (34 kfi N ha

a.nd a hi.gh (96 kg N ha” rate. urtroi treat.ment was represen.ted in plots with no manure additior

For the C.T treatment, the manure was su.rfa.c.e broadcast in the fill and incorporated within a. week

a.fier appiica.rion. For the N treatme.nt. manure applied immediately prior to plantinf.’. At

this site the crop rotation was corn I iNc moso C. in 2006. proso millet [[xi am m7osonm C. in

ii I ‘O Fr j r
-. r —

T a ‘ OP F1 i\a irIx

I ‘‘



This study started in 2006 on an Armo silt loam soil (fi.ne4oamy. mixed, mesic. Typic 1-laplustolls)

with 1—3% slope i.n Hac KS. Tillage treatments consi.ste:d of NT and th.e incorporation of nutrient

sources with C F using sweep ullace at IS cm depth. Beef manure was applied earl at a low

a il c aa crtP Lc

aop lied vear1 at the same rmmure N rates. The comroi treatment reprccuted plots that received no

I
-r

a r I a

then incorporated a nIt the sweep 11cr. wh Ic tar 151’ treatments were surtace applied. The croo

I r’ -‘ r iw a 1 9

2007. winter wheat Tt1i2’-um oe’’ri’om J.t in fail of 2007 and Pillow in 200g. Plot size was 60 m

aide and iTS a long, and a erase precipitation was —-649 mm.

This study started in 20u4 on a Crider silt loam soil tfineaih’y. mixed, actri e. mesic. IvpIc

Paieudalfl with 2 -6% slope in Pow lins Green. KY. For the CT treatments. manure was applied as

surface broadcast and then incorporated with a rotary tiller, while liar NT. treatments were surface

applied. Manure treatments consisted of a control. \vhicit received no chemical fertilizer or manure.

and two types of manure lpoultr and dairy) applied at a rate of 403 kg N ha The plots were under

continuous corn planted in 305 m 6.1 a plots in early May and harvested as grain in September.

Monthly rainfall precipitation during, the course of the study was on average 140. 101, 120. 106, and

114 mm in 2004, 2005, 2006. 2007, and 2008, respectively. More information on this study, including

corn grain’ yields ard other “oil properties are gi.ve.n b’y Sistani et al. [12].

Sites’ were sampled between March and April. in each year and samples were obtained from the

three field repi.icates of each treatmei..t. .A coni.posi.te soi.i sample consisting of ten 2,5 cm diameter

cores was taken from the 0—5 and ‘10 cm.. depths of each treatment usin..g. an Oakfield soi.i probe

(Forestry Supplies, Inc. Jackson, MS’). Samples were collected between the rows from each pl.ot and

whee.Ftraffic. areas were purposely avoided. Soil samples were placed in sterile poiyprop.,.” lene bags

kept in coolers’ d’ur’i.ng field sam.pling a.nd stored at 4 °C afier collection.

ScSi (<5 mm) and manure t,ti,”l a crc evaluated in air-dried, samples usi.ng a glass electrode a i’th a I :

soil or manure:water ratio. Soil was. anali’ze.d far orcanic C and total ‘N’ whereas manure wat’ analy red

for total C and N contents b usine a Vario Max C15 analyzer Elememar Americas. Inc.. Mt. Laurel.

NJ. LSA. Totai P was analyzed in the manure using the Mehlic-h3 Mi extraciani [I’ I. The ceneral

I r p’-1 ‘-iv. u a a. us I t u,. eu
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TC TN TP pH
U 71)

Microbi.ai biomass C (MBC) was determined in field-moist soil (1 5-g oven-thy equivalent) by the

chloroform-fumigation-extraction method [14] using a kEC factor of 0.45 [15], The organic C from the

fumigated (24 h) an..d non-fumigated (control) soil w:as quantified using a CN analyzer (Shimadzu

Model TOC-V/CPH-TN, Shimadzu Corporation, Japan).

Enzyme activities were determined in soil based on assays described in Tabatabai [16] for

determ.ination of the activities of 3-glucosidase, a-gaiactosidase, and phospho onoesterases; whereas,

lyglucosarninidase activity was deterrn.ined as described in. Parham and Eeng [7]. The enzyme

activities were assayed (<5 mm air-dried soil) in duplicates at their optimal pH values and appropriate

substrate (all are p-n..hr:ophen...ol derivates releasing p-nitrophenol or P1.4). The controls were soil

samples to which substrate was added after the incubation step.

2.6. Statistical Analyses

Analysis of Variance (ANOVA.) was conducted to examine the eff.ects of tiliage, m.anure type or

manure appli.cntion rate (the manure treatment varie.d among, sites) and their interaction on the e.n.zyme

activity. Generally, the tillage practices were not signific.ant. Enzyme activity for every year and soil

depth was evaluate.d using the R. statistical software [17] with the Vegan packa.ge for Principal

Component An.alysis (PCA) [18]. We evaluated the enzyme activities by ho h PCA and model-based

rerhmda e analysis (ADA) 419,2:0], and both provided similar re:snlts, Thereto a., resn.hs*for the

enz.yme activities were presented in PCA plots. PCA plots of the corre.lation matrix .were obtained fbr

each.. year and depth, with. a 95% con.fidence for the enzyme activity, to detennine separation due to

manure treatment regardless of tiliage.

Table 1. Se.lected properties of the manure applied to the field studies.

Field Study .Mannre Application Moisture

Yeai Season %

Crop
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3. Results

Results shntxed that tillace treatment had no sienificant effects on enz’a me activities xvrhin the T,rst

years ol manure applications. Thus. l1ar each soil at the three sites 0-tb. KS and KYt. the value of the
euza me aetis nes reported is an a; eraee of hUh tillace and no—tillaee practices

2. 1 SloE! Lnz IOc :l:[oiiie.’ a a [loner/un o Beer.1100’om iruli :nen lImes /0

For the•• 0—5 em soil depth, PCA plots heludinu 5 enzyme activities- indicated separation of the high
application rate from the. control and Low application rate after the first year of, beef manure application

(Figure 1). The PCA plot for the second ye.ar of beef maaure applications showed a treed of separafi.o n
between the control and low manure application., treatment, wh.ich. is more obvious when comparing the
PCA plots of the first and second year.

Figure 1 F a; me acttvutes an atte. eo ha beef manure appbcata for the 0_c cm
dep’th in a fine sandy loam in Colorado (CO) (J3-Gluc = fCG’Iucosidase;

Acid Ph = Acid Phosphatase; Alk Ph rr Alkaline phosphatase.: u-Gal ‘= a-Ga.lactosidase:

lyGlstn i3-Glncosaminidase’;-.

- Initial ‘ 1’ Year 2 Year

(3331 151.4% PC’l: 881% (301180,8%

individual evaluation of each enzyme activiry after the first year of floe beef ‘manure application

indicated that -glucosaminidase and u-galactosidase acfivities were the m’ost responsive enzymes to
th.e high application- rate, whiz-h were about 3 fimes greater than the control (Table 2). After 2’ years, only
acid phosphatase activity was difibrent among’ the three manure apphcatiun rate.s (‘control< low’ <0 high),
while the other activities were• not di’ftlorent in the low application rat’e- a.nd the control.

The FCA plots far 5—- 10 cm soil depth d’id not show’ separation due to the beef manure application
rates until the sc-co ml year or the studa - wne-n all enromc. anti; ites ereuped near the hich manure

I _dt r P :oas _u<

in the hieh aapiiealien rate’ than the contr:oi 0 the seee: rIot aw-ar 01 the study at. this lever 5011 ueptn

iiahlebt,



Figure 2. Enzyme. activities as affected by second year of manure applications at the

5i 0 cm depth in CO (fEGiuc = fEGiucosidas.e; Acid Ph Acid Phosphatas.e;

Alk. ph AlkaIine ph.osphatase: mGaI = a-Galactosidase: fEfilsm . fEGlucosamini.dase.).

Table 2. Enzyme activities in a fine sandy loam as a function of beef manure application
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The PC.A. plots for four enzvnie activities at O5 cm soil depth revealed no separation of the low

an.d high. beef manui.e app! ication rates from the control after t.he first year (Figure 31 However,

urgalactosidase and 1g iucosam in da;e acti ides were more associated ith the high apr lication rate.

which mm explain that the hich application rate treatment was airead groupine by itself along axis I

B the secund and third ‘ear of beef manure applications, the PC’1\ plots showed th nfl enzyme

t.isjije wce associated to both low and hien beef manure arplication rates.

Fi2ure 3. Enzs mc- nero ides as affected b the first years of beef manure applicatons for

the (1—5 cm depth in a silt loam in Kansas (KS’,.

Initial . i’ Year

I.

* -

.-,-.,,-,-- ----.

1 1-. . . .5 1 ...1 13
. o I LI-

PC 1 55.7% PC. 1:

3Year

anLO1tO

‘—i 1-”

PC 1: 92.7%

Although al.l enzyme autivi.tles were in13 reased by bee-f manure by the second year individual

evaluation of the enzyme activity levels showed that giucosamin idase activity was d.oubied in soil

under t.he low and high application rates compared to the ontrol ( Table 3). By the third year of beef
manure app! ications. [2-giucosaman idae and waalactosidase showed 37 to $S13-D ereater rich ides in the

manure treated soil while alkaline hosphatase actjyirt was onix 22°-a ureater in the heel manure

treated soil compared to the control. A1thouh an inorcanic fertilized treatment. also cw - luated here,

was nm luded ‘1w PC.As.. own Its TahIe 3) showed that the I enzyme. in.

the inoreanic Krtilized plots arid the control.
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The PCA. plots fdr all enzyme activities at 5— 10cm did not shoiv separation among the beef manure

application rates, except thr a irs nd deie ted in the second year of applications (‘Fitture 4).

enzyme activ ities were not responsive to, the beef manure applications: at this lower depth, and there

were only greater activities of alkaline phosphatase and j3-glncosidase in the high application rate

compared to the con.tro I in the seco uP year of apniications (Table 3)

Figure 4. Enzme acuviues at Inc 5—I 0 cm as affected by second \car of manure applcations

in KS i,t3—G-Inc f—Giucosidase: Acid Ph = Acid Phosehatase: Alk Ph -- Alkaline

pnosr..hatase: a—Gal ii(3lsm
= 13—Giucosaminidasci.

.ifldyear

ct -

n

r r r’—r—’r
‘It) .05 0.0 0.5 ‘1.0 1.5

PCI: 81.5%

e 3 SoiIEmme Cctnzres w C anion otDmn and oulrn bfanure in K)

The PCA plots’ for fonr ensiyme activities together at 0—P cm soil depth showe.d separation of both

dah and poultry manure treatments from the. control siuce the tjrst year, and the separation among

treatments became m.ore apparent over tim.e (Fignre 5). Greater acid phosphatase activity was

associated with. the poultry’ treate.d soil; whereas, C: cycling. enzym.e achvities, Se., glncosaminidase

and -ghacosidase, w:ere similar in. th.e dairy and poultry treated soil (T’a.hle 4).

The PC.. plots th...at included tonether th.e four enzyme activities at 5—10 cm soil depth did not show

separation due to dairy or’ poultry m anure applications until the. second and thi.rd year (Figure 6’;. More

significant dif.Prences in the. enz’’ me activities among treatments were detected in the ill ird year, hut

acid phospharase aco it a as nc itiejui ir tms lower soil depth (Table ‘t)
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Figure 5. Enzyme acid dies after the first ears ol ponitrt or dairy manure applications lhr
the ft—f cm depth in a silt loam soil in Kentucky (KY).

PC 1.: 69,6%

3rd4j

ua’rv
A

C’ 7970/.

Figure 6 E.nzyme n.e tivities as affected by poultry or dairy manure apphcatioas in a silt
loam soil at 510 cm depth in KY.
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42. Soil Enzyme Activities as a Function of Manure Types in. .KY

Eva.iuation of the efibcts of different manure type.s on enzyme activities in. the KY silt loam soil

showed in.creases in specific soil enzyme activities by certain manure types. The fact that acid

phosphatase activity was more associated 4th soil unde.r poultry manure than w:ith dairy manure could

be related to th.e lower pH. in poultry (p14 <. 7) vs. dairy (pH> 7) mmuse. The low p14 in added poultry

manure caused a decrease i.n soil p14 and subsequently an increase in acid phosphatase activity.

Increases in acid phosphatase activity are generally observed with decrease.s in soi.l pH, within a given

ran .e [24]. Parham er of [21] explained that the observed effect of soil pH on. ac.id phosphatase

activity could be due to modifications the quantity, specific activity, or i:tabiiity of the enzymes with

changes in soil pH.. In addition to soil pH, previous studies have emphasize.d the high levels of P

incorporated by p... ouIy manuse increasing the mobility of m.anuret in soii with time due to significant

increases in P cycling enzyme activit.ies and m.icrobial diversity [21,25]. There.fore, the fast increase in

acid phosphatase actn’uy in tb’s soil with poultry manure mat indicate mprovements to P cycling In

addition, previous results front the sam.e study (K.Y) indicated that poultry manure applied as a pri.mary

fertilizer at the rate of l35 Mg ha during four years did not result in residual soil test p Cu and Zn

levels considered to be harmful to surface water or cropping systems, Hnwever, corn grain yields were

still si.milar to those yields from inorgan.ic fertilization under both noAill and tilled conditions [12].

Greater acid phosphatase activity was found in poultry manure than in dairy manure treated soil

where.as C cycling enzyme activities involved in chitin (frglucosaminidise), cellulose (glucosidase.)

and melibiose (u-galactosidase) degradation were si.milar in soil treated with dairy manure and the soil

under poultry manure. Since total C content was greater in poultry manure (200—265 g kgj than dairy

manure (88—196 g kg’5, it could have been expected to detect greater C. enzyme activities in soil

under poultry manure, but this was not the case. Therefore, the C cycling enzyme activities may have

responded to difference.s in substrates C quality than in. C quantity between poultry and dairy manure.

A recent study Tejada et [26] with new types of organic amendn..ents (Le, biostimnlants)

emphasized the e.ffect of substrate Cquahty differences in. their impact an soil e.nzyme activities and

community structure, They reported that the soil enzyme activities were increaied to greater extent by

biostimulants with. g.reater amounts of trotein and perce.ntage of’ peptides [26]. In our study, t.4BC was

numerically greater (17%) in the surface soil (0—5 cm) under dai.iy rather than in the poultry manure

treated soil, which may suggesi. that dairy nianure contained m.ore simple C sources and/or a different

(..perhaps greater.) m ic.robial com.murity The C eyeling enzymes may have also responde.d to the ft.ct

that dairy mannre tended to have higher pH and greater water (up to 2.’.. fold) than poultry’ manure. In

addition, Sistan.i ct of 112] reported lower Cu and Z.n c.ontents in the dairy m.aa..ure (by halt.) then in

poultry manure use.d in th.is study, The Cu and Z.n are metals that are known to have inh..ibitory effects

on these C cycling enzyr..ies [27] and thus, m.a.y:. have caused som.e reductinns in these enzyme activities

of poultry manure t.re.ated soil, Gverali, manure propertie.s, regardless of C content, could explain the

similar 1ev els of C cycli.ng enzyme activities in the dairy m.anure and the poultry n.ianure treated soils,
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Results from the KS stud demonstrate more beneilts to hiogeochemical c cling ‘ ith organic

amendments compared to inorganic fertilizers as the soil enzyme activities were similar in the

inorl.anic fertiiiier and control plots withi.n these first years of plot establishment. In addition, the thtee
studies regardless of soil and. manure type, s.howed the same trend for soil microbial bioniass C and the
C cycling enzyme activities suggesting these enzymes had significant origin from active microbial
communities in the manure. andlor those increased in soil due to the additional readily available
anhstrates associated to the manure [2.8,29] These ndinus show that organic fertilizers, such as
manure. not only provide additional enzymes, microbes and nutrients that are not rovided with

inoruanic fertilizers. but also a better environment to support further increases in oii microbial

o nn m nd tsh i z ias as tr raauf as on p i nd
improved SOvl and poro.sir’

Our implugs ry te it bet ei Maren and ‘pil honed ene ails sanilai Ls 1zy me
activities under the same treatment as reported for another study in TX with organic amendments (Le,

poultry manure) [5], however, the levels of the eniyme activities can vary when soils treated with
manure are sampled at dif.ferent tim •s [21]. The use of FCA plots to vitualize the response of several
enzyme activities in this study was a valuable tool that revealed a gradual progressive separation of the
manure treated soils from the control soil over time. which was not possible to be observed from the
individual evaluation of each enz\ me activity level.

Previous long-term studies. in other loam soils have reported that the impact of manure applications

on enzyme activities and microbial bioma.ss are detected in the O—30 cm soil layer [21]. Similar to our

en7 tue activities, less marked effects of manure applications were detected b\ a long—term

stud’ 2 rs 1n microb a di’ ci so’ s ii’ kptt’ Ho’s e’ ci informs n ‘n Ior does i

take for soil enzy me activities to he affected with the applications of organic amendments is scarce.

Results from our field studies indicated that the enz me activity responses were not detected until the
second year of manure applications at lower soil depths (RHO cm ) regard.less of manure type and rate,
tillage practice, and soil type. However, enzyme activities showed a fitster response to manure
applications at this lower depth compared to SOC .ontent, which was still not affected due to beef
manure inn CO and KS studies. The less marked efihets of manure applications on the enzyme activities
with depth are explaine.d bs the in SO’/sd. nutrients and an icrobial community composition and
activde with soil depth. ‘a hic P can radar a manure- decomposition and substrates incorooration into
nutri.ent cycling within the first years of applications.

5. Conclusions

This multil location research showed. that the sandier soil (fine sandy loam) re.spon.ded faster to the
beef manure applicaticn in CO rather than. tire silt loam soil evaluated in KS. Both studies in CO and
.KS showe..d that C cycling enzyme activities were more responsive than phosphatase activity to beef
manure, which could be in response to the high levels of total C in beef manure, compared to the

poultry a.nd dairy manure used in K Y Also, results from the silt loam under different manure types in
k esea 1 0 an am era u ant, i’ as i sic! as r man uredonim a Li mats I sanre
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and thus, impacting different. biochemical reactions. cf nutrient cycli.ng. lie poultry manure had higher

P and. C content thai.. the. dai.ry man.ure; however, acid phosphatai.e activity was increased with soil

treated with poultry manure whereas C cycling. e.nzyme activities were si.m lar under both the dairy

manure and poultry .manure treated soil. This study re.veaIe.d si..gn.ificant responses in C and P cycling

enzrme activities to manure applicati.ons within 1—2 years at a depth to 10 cm , representing potential

benefits in soi,l biogeochemica..l c.ycling, considered essential for the sustainability of..: agroecosystems.

supporl..ed with organic fertilizers.
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